on behalf of the J-RHYTHM Registry Investigators* Background--To clarify the influence of hypertension and blood pressure (BP) control on thromboembolism and major hemorrhage in patients with nonvalvular atrial fibrillation, a post hoc analysis of the J-RHYTHM Registry was performed.
A trial fibrillation (AF) is a common arrhythmia and a potent risk factor for cardiogenic embolism.
1,2 Hypertension is also a common disease and the most frequent comorbidity in patients with AF. 3, 4 Since hypertension is one of the risk factors for thromboembolism and hemorrhagic complications in patients with AF, it is a component of the CHADS 2 (congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, and history of stroke or transient ischemic attack [TIA] ), 5 the CHA 2 DS 2 -VASc (CHADS 2 components, plus vascular disease [coronary artery disease], age 65-74 years, and female sex), 6 and the HAS-BLED (hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile international normalized ratio [INR] , elderly [>65 years], drugs/alcohol concomitantly) 7 scores. However, hypertension is not always detected as an independent predictor of thromboembolism or hemorrhagic complications. [8] [9] [10] [11] [12] In patients with nonvalvular AF (NVAF) who
were not receiving anticoagulation therapy, hypertension was an independent risk factor for ischemic stroke. 13 By contrast, the presence of hypertension at baseline was not a significant risk factor for thromboembolism or major hemorrhage in NVAF patients when including those treated with warfarin. 14, 15 Differences in patient characteristics may have contributed to these inconsistent results. Another possible explanation for the inconsistent results was that blood pressure (BP) control was not considered when a history of hypertension was selected as an explanatory variable for multivariate analysis. The association between BP values and the event incidence has not been elucidated in patients with NVAF in any previous report of the J-RHYTHM Registry. [14] [15] [16] [17] [18] [19] [20] Therefore, in order to investigate the influence of BP control rather than hypertension on event rates of thromboembolism and major hemorrhage, a post hoc analysis was performed using quartiles of BP values at the time of enrollment and at the time closest to these events in the J-RHYTHM Registry.
Methods Study Design of the J-RHYTHM Registry
The J-RHYTHM Registry was conducted as a nationwide prospective observational study to investigate the present status of anticoagulation therapy and optimal anticoagulation therapy in Japanese patients with AF. 21 The study design and baseline patient characteristics have been reported elsewhere. 3, 21 Briefly, the study protocol conformed to the Declaration of Helsinki and was approved by the ethics committee of each participating institution. All participants gave written informed consent at the time of enrollment. A consecutive series of outpatients with AF of any type was enrolled from 158 institutions, regardless of the use of antithrombotic drugs. All drugs, including antihypertensive drugs, and their dosages were selected at the discretion of the treating cardiologists. Patients with valvular AF 22 were excluded from this subanalysis. Seated brachial BP was measured in each patient at the time of enrollment (baseline) and at each follow-up visit by either the auscultatory method or an automated sphygmomanometer, as was appropriate at each institution. Hypertension was defined as a peripheral systolic BP ≥140 mm Hg, a diastolic BP ≥90 mm Hg, 23 a prior history of hypertension, and/or the use of antihypertensive drugs. 21 
Follow-Up and Definition of End Points
Patients were followed up for 2 years or until an event, whichever occurred first. Thromboembolism included symptomatic ischemic stroke, transient ischemic attack, and systemic embolic events. Major hemorrhage included intracranial hemorrhage (ICH), gastrointestinal hemorrhage, and other hemorrhages requiring hospitalization. If any event occurred during the follow-up period, BP values at the time prior to and closest to the event were obtained. 21 The diagnostic criteria for each event have been described elsewhere.
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Grouping of Patients
Patients were divided into 2 groups based on the presence of hypertension at the time of enrollment (Hypertension and Nohypertension) and event incidence rates between the 2 groups were compared. In addition, patients were divided into 4 groups according to the quartiles of their systolic BP at baseline (Q1, <116; Q2, 116-125; Q3, 126-135; and Q4, ≥136 mm Hg) and at the time prior to and closest to an event or at the end of follow-up (Q1, <114; Q2, 114-125; Q3, 126-135; and Q4, ≥136 mm Hg). Patients were also divided into quartiles based on their diastolic BP.
Statistical Analysis
Data are presented as meanAESD. 
Results
Of 7937 patients with AF enrolled in the J-RHYTHM Registry, 3 421 patients were excluded because they had valvular AF.
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Of the remaining 7516 patients with NVAF, 110 (1.5%) patients were lost to follow-up. Therefore, a total of 7406 patients with NVAF were included in the present analyses. 16 
Baseline Patient Characteristics and Medications
Baseline patient characteristics and medications of the 2 groups are shown in Table 1 . Male sex, cardiomyopathy, and heart failure were less prevalent in the Hypertension group than in the No-hypertension group. By contrast, mean age, CHADS 2 score, and the prevalence of diabetes mellitus, use of warfarin or antiplatelet, coadministration of warfarin and antiplatelet, and use of antihypertensive drugs were all higher in the Hypertension group (Table 1) . Mean INR and distribution of INR were comparable between the 2 groups, but time in therapeutic range 24 was slightly, but significantly, better in the Hypertension group than in the No-hypertension group (Table 1) . Although 94.8% of patients were taking antihypertensive drugs, baseline BP was higher in the Hypertension group than in the No-hypertension group (Table 1) . Patient characteristics and medications in the quartiles of systolic BP at the time of enrollment are summarized in Table 2 . The prevalence of hypertension was 41.2%, 43.1%, 64.8%, and 78.7% in quartiles 1 to 4, respectively ( Table 2 ). Significant trends among quartiles were observed for baseline frequencies of several comorbidities and medications (Table 2) .
Event Rates and Hypertension
During the 2-year follow-up period, thromboembolic events occurred in 126 patients (1.7%) and major hemorrhagic events occurred in 140 patients (1.9%), including ICH in 50 patients (0.7%). The unadjusted 2-year incidence rate of thromboembolism was similar between the 2 groups (1.8% in the Hypertension group versus 1.6% in the No-hypertension group, P=0.540), whereas the rate of major hemorrhage was higher in the Hypertension group than in the No-hypertension group (2.3% versus 1.3%, P=0.006) ( Table 3 ). The Kaplan-Meier Figure 1 . There was no significant difference in the eventfree rate of thromboembolism between the 2 groups (P=0.478 by log-rank test) ( Figure 1A ), whereas event-free rate of major hemorrhage was significantly lower in the Hypertension group than in the No-hypertension group (P=0.004 by log-rank test) ( Figure 1B) . The hazard ratio (HR) of hypertension for thromboembolism was not significantly high in any model (Table 4) . By contrast, the HRs of hypertension for major hemorrhage were significantly high in the crude model (Model 1) and in all adjusted models (Models 2, 3, and 4) ( Table 4) .
Event Rates and BP at the Time of Enrollment
Systolic BP at the time of enrollment in patients who were subsequently complicated with thromboembolism or major hemorrhage (127AE20 or 128AE17 mm Hg) was not different from that in event-free patients (126AE16 mm Hg). Diastolic BP at the time of enrollment in patients complicated with these events during the follow-up period (74AE13 and 73AE11 mm Hg) was also similar to that in event-free patients (74AE17 mm Hg).
When patients were divided into quartiles of systolic BP at the time of enrollment, HRs for thromboembolism or major hemorrhage did not differ among the quartiles in any model; this was also true for quartiles of diastolic BP at the time of enrollment (Table 5) . When baseline BP values were used as a continuous variable, adjusted risk (by Model 4) of thromboembolism and major hemorrhage tended to increase slightly for every 10-mm Hg increase in baseline systolic BP (HR 1.02, 95% CI 0.92-1.14, P=0.724 for thromboembolism and HR 1.09, 95% CI 0.98-1.21, P=0.098 for major hemorrhage), although not statistically significant either.
Event Rates and BP at the Time Closest to the Event
Systolic BP at the time prior to and closest to the event (mean, 10 days) in patients who were complicated with thromboembolism or major hemorrhage (140AE29 or 132AE30 mm Hg, respectively) was significantly higher than that at the end of follow-up in event-free patients (126AE17 mm Hg, P<0.001 for each). Diastolic BP was significantly higher in patients with thromboembolism (78AE15 mm Hg) than in event-free patients (73AE11 mm Hg, P<0.001), but did not differ between patients with major hemorrhage (75AE17 mm Hg) and event-free patients (P=0.108). When patients were divided into quartiles of systolic BP at the time closest to the event or at the end of follow-up, the rate of thromboembolism was significantly lower and that of major hemorrhage was significantly higher in patients receiving warfarin of the highest quartile (Q4) (Figure 2) . The ORs for thromboembolism in Q4 of systolic BP were significantly higher than those in the lowest quartile (Q1) in all models (Models 1-4); this was also true for quartiles of diastolic BP ( Table 6 ). The OR for major hemorrhage in Q4 of systolic BP was also significantly higher than that in Q1 in adjusted models (Models 2, 3, and 4) ( Table 6 ). No significant difference in adjusted OR for major hemorrhage was observed for diastolic BP (Table 6) .
After adjustment for other components of HAS-BLED score, the OR for major hemorrhage in Q4 of systolic BP tended to be higher than that in Q1 (OR 1.44, 95% CI 0.91-2.27, P=0.124). By contrast, the OR for ICH in Q4 was markedly higher than that in Q1 (OR 4.55, 95% CI 1.89-10.96, P=0.001) (Figure 3) . Follow-up period 
Cutoff BP Values for Events
Areas under the curve of the receiver operating characteristic analysis for thromboembolism, major hemorrhage, and ICH were 0.663 (95% CI 0.60-0.73, P<0.001), 0.556 (95% CI 0.50-0.62, P=0.027), and 0.708 (95% CI 0.63-0.79, P<0.001), respectively. Cutoff BP values were determined to be 137/79 mm Hg (with a sensitivity of 55.6% and a specificity of 77.0% for systolic BP), 130/73 mm Hg (53.0% and 58.8%), and 138/78 mm Hg (57.7% and 77.6%), for thromboembolism, major hemorrhage, and ICH, respectively.
Discussion
Although our previous reports partially revealed the influence of hypertension on event incidence, [14] [15] [16] [17] [18] [19] [20] we confirmed in the present study that hypertension was not an independent risk factor for thromboembolism but a risk for major hemorrhage mostly in anticoagulated patients. Second, BP values at baseline were not related to the incidence of thromboembolism or major hemorrhage. By contrast, patients in the highest quartile of systolic BP (≥136 mm Hg) at the time closest to an event were characterized as high risk, with significantly higher ORs for thromboembolism, major hemorrhage, and ICH, even after adjustment for multiple confounders. Third, both the efficacy of stroke prevention and the undesirable increase in hemorrhage with warfarin were evident in the highest quartile of systolic BP of ≥136 mm Hg. Fourth, the cutoff BP values for thromboembolism, major hemorrhage, and ICH were determined to be 137/79, 130/ 73, and 138/78 mm Hg, respectively.
Hypertension and Thromboembolism
Hypertension is a well-known risk factor for stroke. In the INTERSTROKE study, a large-scale case-control study from 22 countries, self-reported history of hypertension was the strongest risk factor for stroke of all types (OR 2.64, 99% CI 25 Increasing BP is also related to increasing stroke risk. 26 The influence of BP values on the event rates in anticoagulated patients with AF was investigated in the combined data set of the Stroke Prevention using an ORal Thrombin Inhibitor in AF (SPORTIF) III and V trials. 27 The HR of the highest quartile of systolic BP for stroke/systemic embolic events was 1.83 (95% CI 1.22-2.74), and the event rate for stroke/systemic embolic events increased markedly at a mean systolic BP of >140 mm Hg. 27 In previous reports in patients with NVAF who were not receiving anticoagulation therapy, hypertension was an independent risk factor for ischemic stroke, 13 whereas it was not in patients treated with warfarin. 14, 15 Since these analyses were performed post hoc on data from prospective clinical studies, patient characteristics varied among studies. [13] [14] [15] 27 In addition, since the definition of hypertension in CHADS 2 and CHA 2 DS 2 -VASc scores included a history of hypertension and antihypertensive drug use, measured BP values were not considered. In the present study, neither hypertension (defined as above) nor the BP value at the time of enrollment was an independent risk factor for thromboembolism. By contrast, the highest quartile of systolic BP (≥136 mm Hg) at the time closest to the event was detected as a significant risk factor for thromboembolism. Since 94.8% of patients received antihypertensive drugs and the mean BP was controlled <130 mm Hg at the time of enrollment, even in the Hypertension group, these results appear reasonable.
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Hypertension and Major Hemorrhage
Hypertension is a clear risk factor for hemorrhagic stroke in the general population. 28 In the INTERSTROKE study, selfreported history of hypertension was the strongest risk factor for hemorrhagic stroke (OR 3.80, 99% CI 2.96-4.78) compared with other risk factors. 25 The effects of hypertension and BP control on event rates during antithrombotic therapy were investigated in the Bleeding with Antithrombotic Therapy (BAT) Study in Japan. 29 An increase in BP levels during antithrombotic treatment was positively associated with the development of ICH, suggesting that adequate BP control was important for avoiding ICH. 29 In addition, the optimal cutoff BP level to predict impending risk of ICH was determined to be ≥130/81 mm Hg. 29 In 2 of our previous reports in patients with NVAF, hypertension was not an independent risk factor for major hemorrhage. 14, 15 In the former study, which aimed to determine the impact of sex on prognosis in patients with NVAF, 14 were included as explanatory variables in the multivariate analysis. Consequently, the adopted explanatory variables differed from those in the present study. In the latter study, which aimed to assess the significance of each risk factor comprising the HAS-BLED score in NVAF patients treated with warfarin, 15 the adjusted HR of hypertension for major hemorrhage was not significantly high (HR 1.15, 95% CI 0.73-1.74, P=0.54), when the definition of hypertension was a systolic BP ≥140 mm Hg at the time of enrollment. By contrast, hypertension was detected as a significant risk factor for major hemorrhage in the present study, even after adjustment for other components of CHA 2 DS 2 -VASc score, warfarin use, and antiplatelet use (Table 4) . Hypertension, when including a history of hypertension in the definition, may have a larger contribution to the incidence of hemorrhagic events than to thromboembolism. By contrast, BP value at the time of enrollment was not a significant risk factor for major hemorrhage; however, systolic BP value at the time prior to and closest to the event was an independent risk factor for both major hemorrhage and thromboembolism, even in multiple adjusted models (Table 4) . BP values at the time closest to the event would be more important for predicting both events than BP values at the time of enrollment. In addition, we assessed the ORs of BP quartiles for major hemorrhage and ICH after adjustment for other components of the HAS-BLED score. 15, 18 This score contains warfarin and antiplatelet use, both of which are included in Model 4 of the present study. Although the OR for major hemorrhage in the highest quartile of systolic BP was not significant, the OR for ICH in the highest quartile of systolic BP at the time closest to the event was markedly higher compared with that in the lowest quartile, even after adjustment for the component of HAS-BLED score (Figure 3) . A systolic BP of ≥136 mm Hg would be a strong risk factor for ICH. 
Optimal Cutoff BP Values for Events
The present study has provided the cutoff BP values to predict impending risk of events. The accuracy of the receiver operating characteristic curves for thromboembolism and major hemorrhage based on areas under the curve was fair; the cutoff systolic BP values for these events (137 and 130 mm Hg, respectively) in the present analyses were comparable to those in previous recommendations. 29, 30 The cutoff systolic BP for ICH in patients with NVAF in the present study (138 mm Hg) was higher than that in the BAT study (130 mm Hg). 29 Patients in the BAT study were taking oral antithrombotic agents for the secondary prevention of cardiovascular or cerebrovascular diseases, regardless of AF, 29 and therefore would be at higher risk for ICH than those in the present study.
Limitations
The present study had several limitations. First, this study was a post hoc analysis of data from the J-RHYTHM Registry 3, 16 and was therefore hypothesis-generating in nature. Second, the registry was established in only 158 selected institutions in Japan and most of the participating physicians specialized in cardiology and in the management of cardiac arrhythmias. Therefore, these results may not be generalizable to the overall Japanese population with NVAF. Third, the method of BP measurement was not standardized. BP values were obtained by the auscultatory method or an automated sphygmomanometer, as appropriate for daily clinical practice in each institution. Although visit-to-visit variability in BP is a known risk factor for stroke, 31 it was not considered in the present analysis. Instead, BP values at the time of enrollment and the time prior to and closest to the event were selected for the analysis. Changes in antihypertensive drugs and dosages during the follow-up period were not considered in the analysis. Fourth, the HAS-BLED score was missing in 391 patients with NVAF; these patients were excluded from Figure 3 . In these 391 patients, thromboembolism occurred in 6 and major hemorrhage occurred in 9 patients, but no ICH events were observed.
Conclusions
A systolic BP of ≥136 mm Hg at the time closest to the event was an independent risk for thromboembolism and major hemorrhage. BP control appeared to be more important than a history of hypertension and baseline BP values at preventing thromboembolism and major hemorrhage in patients with NVAF.
